Photochemically produced hydrogen peroxide (H 2 O 2 ) can negatively affect microbial activity and play an important role in many chemical reactions involving organic matter or metals in marine waters. To model production rates, wavelength and temperature dependent H 2 O 2 production rates were determined as a function of absorbed irradiance (apparent quantum yields) for diverse marine environments from the Southern Ocean, Pacific Ocean, Atlantic Ocean and Gulf of Mexico. Apparent quantum yields were remarkably similar among these environments irrespective of expected differences in composition or concentrations of metals and organic matter or prior light-exposure history. The comprehensive data set for H 2 O 2 apparent quantum yields reported here can be used to model H 2 O 2 photochemical production rates globally based on remotely sensed optical and temperature data.
2
Wavelength and temperature-dependent apparent quantum yields (AQYs) were determined for 37 the photochemical production of hydrogen peroxide using seawater obtained from coastal and suggest that the observed poleward decrease in H 2 O 2 photochemical production rates is mainly 49 due to corresponding poleward decreases in irradiance and temperature and not spatial variations 50 in the composition and concentrations of DOM or metals. Hydrogen peroxide photoproduction 51 AQYs and production rates were not constant and independent of the photon exposure as has been 52 implicitly assumed in many published studies. Therefore, care should be taken when comparing 53 and interpreting AQY or photochemical production rate H 2 O 2 results from published studies. 54 Modeled depth-integrated H 2 O 2 photochemical production rates were in excellent agreement with 55 measured rates obtained from in situ free-floating drifter experiments conducted during a Gulf of , wherein H 2 O 2 has been shown to (1) adversely affect microorganisms at 66 ecologically relevant concentrations 27, 28 ; (2) oxidize DOM through transformations involving the 67 Fenton reaction 29, 30 ; (3) affect the redox chemistry of trace metals such as iron, copper, chromium 68 and manganese [31] [32] [33] [34] [35] [36] ; and (4) serve as a water mass tracer for vertical advection 11, [37] [38] [39] . 69 Hydrogen peroxide concentrations vary spatiotemporally and diurnally in the oceans due to . Although not as important as its biological loss, 74 photochemical decomposition of H 2 O 2 has been shown to occur in sunlight surface waters at rates 75 that were on average 5% of photochemical production rates 42 . 76 Microorganisms remove H 2 O 2 from the water column, but they are also responsible for its 77 biological production, which is expected to occur throughout the water column 43 . A wide variety 78 of algae and bacteria produce hydrogen peroxide and its precursor superoxide in culture 43, 44 , and 79 biological H 2 O 2 production has been shown to occur in oligotrophic waters under nitrogen-80 limiting conditions 18, 45 . Biological production is the main source of H 2 O 2 deeper in the water 81 column, but in some cases may also be important in the photic zone 3, 46, 47 . Rain inputs are 82 important as well 3, 13, 48 , but they are difficult to predict and quantify. When they occur they can importance of rain as a source of H 2 O 2 in surface waters is expected to vary with latitude, as the 85 largest rain inputs occur in the subtropics and equatorial region 6, 23 . 86 The primary pathway for the formation of hydrogen peroxide in sunlit surface waters is 87 through DOM photoreactions involving ultraviolet (UV) and visible (vis) solar radiation 5, 51 . 88 Midday photochemical production rates in marine environments are in the 1-10 nM h -1 range, with 89 the highest rates observed in DOM-rich coastal waters and the lowest rates observed in cooler, 90 polar waters 3,10,11, 16, 22, 23, 52 . [55] [56] [57] [58] [59] .
98
Wavelength-dependent apparent quantum yields (AQYs) for the photochemical formation of 99 H 2 O 2 have been determined in seawater 16, 22, 60, 61 to assess the importance of UV and vis radiation are remarkably similar in diverse marine waters 16, 22, 60 , decreasing exponentially from ~5 x10 at 400 nm, with corresponding sunlight-normalized H 2 O 2 production in 103 marine waters primarily in the UV-B (280-320 nm) and UV-A (320-400 nm).
104
Building on these prior results, we conducted an extensive study to determine and compare 105 wavelength and temperature-dependent AQYs for the photochemical production of H 2 O 2 in a 106 wide range of marine environments that included coastal and oligotrophic sites along the East Millipore system consisting of a RiO8 reverse osmosis system to remove particles and chlorine 127 and a Milli-Q Gradient system to remove trace ions and organic compounds (Millipore). 
22
, and a Hitachi F-1200 fluorometer, with the excitation and emission wavelengths set at 153 Wavelength-dependent H 2 O 2 production rates were converted to AQYs:
where   is the wavelength-dependent AQY for H 2 O 2 formation (mol (mol quanta)
, V is volume of the 226 irradiated seawater sample, P  is the spectral radiant flux (mol quanta min ), and T is temperature (K).
254
For all laboratory AQY studies, spectral radiant fluxes were determined using the potassium 255 ferrioxalate chemical actinometer 67, 68 and the procedure outlined in White et al. 
where Φ λ is the wavelength-dependent AQY that was determined from the AQY spectrum which UF3 Plexiglas cut-off wavelengths were 313 and 400 nm, respectively (Fig. 2) . determined by placing duplicate quartz tubes at six depths from 2 to 20 m using a free-floating 336 drifter described by Kieber et al.
76
. The daytime production rate was also determined at the sea . Experimentally determined in situ production rates were compared to calculated depth-343 integrated, daily production rates:
where R H2O2 is the depth-(z) and wavelength-integrated, daytime production rate,  T, is the 
Comparison of Polychromatic and Narrow Bandwidth AQY Spectra

404
An experiment was conducted with 0.2 μm-filtered Rhode River estuary water (salinity 11.1 405 ppt) to compare the wavelength-dependent AQY spectrum determined using the polychromatic 406 irradiation system to that obtained with the narrow bandwidth irradiation system. Apparent 407 quantum yields that were determined with the polychromatic and narrow bandwidth irradiation 408 systems were in good agreement at all wavelengths that were examined (Fig. 4) . For both 409 approaches, AQY spectra decreased exponentially with increasing wavelength, and no localized 410 maxima or minima were noted in the narrow-bandwidth generated AQY spectrum. When the 411 polychromatic and narrow bandwidth spectra were compared to each other, the largest differences between these two approaches in determining AQYs for H 2 O 2 photoproduction, it would be 423 advantageous to determine AQYs using the polychromatic irradiation system because AQY 424 spectra can be obtained in a fraction of time (e.g., day) required to determine AQY spectra using a 425 narrow-bandwidth irradiation system (e.g., week). Furthermore, our results validate the use of cold storage in the dark (Fig. 4) . The same result was seen in CDOM spectra (i.e., no changes 435 were seen after 2.5 months, data not shown). . Surprisingly, wavelength-dependent AQYs for individual seawater samples differed 445 by less than a factor of two relative to mean AQYs determined by non-linear regression analysis 446 of all the AQY data for all seawater samples that were examined in this study (Fig. 5) . In Although differences were observed in our study in E a among samples and as a function of 490 wavelength, overall differences were not large except in a few cases. Therefore, for the purpose 491 of aiding modeling efforts, we determined the average E a between 300 and 370 nm where E a 492 differences among samples and wavelengths were relatively small, and this wavelength range where  ,298 is the wavelength-dependent AQY at 298 K calculated from equation 9.
500
The increase in activation energies between 290 and 400 nm (Table 1 ) and the factor of than 400 nm 69, 97 . None of these differences are surprising, as they reflect fundamentally different (Fig. 1B) . For all free-floating drifter studies, total daytime 563 photochemical production rates for H 2 O 2 were highest at the sea surface and decreased Results presented in this study provide the data needed to model H 2 O 2 production rates in 636 seawater on a global scale using remotely sensed CDOM absorbance, sea-surface spectral 637 irradiance and sea-surface temperature data, as was done in a companion paper 55 . For future 638 studies it will be important to investigate the assumption that AQYs are constant as a function of 
